Subsequently, 4 additional genera have been validly described and classified into family Neisseriaceae, namely Amantichitinum (Moß et al., 2013) , Snodgrassella (Kwong & Moran, 2013) , Rivicola (Sheu, Chen, Young, & Chen, 2014) , Crenobacter (Dong et al., 2015) , and Populibacter (Li, Xue, Sang, Lin, & Wang, 2017) . At the time of writing, there are 17 validly described genera included in family Neisseriaceae.
However, there are also 2 genera with uncertain taxonomic status that have been classified into Neisseriaceae; Adeolu and Gupta (2013) suggested that genus Morococcus (Long, Sly, Pham, & Davis, 1981) should be reclassified to Neisseria species and Prolinoborus (Pot, Willems, Gillis, & De Ley, 1992 ) is likely wrongly assigned to the order of Neisseriales, based on their phylogenetic analysis.
Other than 16S rRNA gene sequence similarities and phylogenetic analysis, the major distinguishing features among genera for Neisseriaceae are cell morphology, biochemical characteristics, such as oxidase and catalase tests, glucose fermentation, nitrite reduction, and mol% G + C content of the genomic DNA (Garrity et al., 2006) . Most strains inhabit indigenously in mucosal membranes of humans and animals, although environmental species were recently included in this family with representatives isolated from anthill, hot spring sediment, and freshwater river (Dong et al., 2015; Garrity et al., 2006; Moß et al., 2013; Sheu et al., 2014) . During an assessment on laboratory tap water quality, a bacterial strain designated as P08 T was isolated on R2A agar. Here, we report the characterization of strain P08
T that is the first representative of a newly proposed genus Aquella gen. nov. belonging to family Neisseriaceae.
| MATERIAL S AND ME THODS

| Isolation of the strain
Strain P08 T was isolated from a laboratory tap water collected for water quality assessment in University of Malaya (3°07′20. 
| DNA extraction, genome sequencing, and functional gene annotation
The genomic DNA of strain P08 T was extracted using the CA, USA). The reads were de novo assembled using the hierarchical genome assembly process (HGAP) algorithm version 2 (Chin et al., 2013) into complete genome of P08 T . The assembled genome was annotated using the NCBI Prokaryotic Genome Annotation Pipeline (PGAP) version 2.10 (Tatusova et al., 2016) , Rapid Annotation using Subsystem Technology (RAST) version 3.0 (Aziz et al., 2008; Overbeek et al., 2014) , and IMG ER pipeline (Markowitz et al., 2009 ).
The genome project and the complete genome sequence were deposited in the Genomes OnLine Database (Liolios et al., 2010) and GenBank. A comparison on the genomes of P08 T and available genomes of type strains in the family Neisseriaceae was performed.
| Phylogenetic analyses
The 16S rRNA gene sequence was mined from the complete genome using RNAmmer 1.2 server (Lagesen et al., 2007) . The sequence similarity to other validly described type strains was examined from pairwise sequence comparisons using EzBioCloud database (https://www.ezbiocloud.net) (Yoon et al., 2017) . Phylogenetic analysis of 16S rRNA genes of strain P08 T and type members of Neisseriaceae were performed using the software package MEGA version 6.0 (Tamura, Stecher, Peterson, Filipski, & Kumar, 2013) , with neighbor-joining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1981) , and maximum parsimony (Fitch, 1971 ) algorithms. In each case, bootstrap values were calculated based on 1,000 resamplings (Felsenstein, 1985) . Kimura's two-parameter model was used to calculate evolutionary distance matrices of the neighbor-joining method and maximum-likelihood method (Kimura, 1980) . Vitreoscilla stercoraria was included in the analysis in place of the type species V. beggiatoides that has no sequence data available.
For core genes (present in all genomes) analysis, the homologous clusters were determined using panX pan-genome pipeline (Ding, Baumdicker, & Neher, 2018) . The alignments were then built from these orthologous clusters before being concatenated and used for phylogenetic analysis in RAxML (Stamatakis, 2014) . Generally, the phylogenetic tree was constructed by applying GAMMA for modeling rate heterogeneity, fast bootstrapping in conjunction with the autoMRE bootstopping criterion (Pattengale, Alipour, BinindaEmonds, Moret, & Stamatakis, 2010) , and subsequent search for the best tree (Stamatakis, Hoover, & Rougemont, 2008) . The core genes sequences of strain P08 T were compared against members of the genera Alysiella, Amantichitinum, Bergeriella, Conchiformibius, Crenobacter, Eikenella, Kingella, Morococcus, Neisseria, Populibacter, Prolinoborus, Rivicola, Simonsiella, Snodgrassella, Stenoxybacter, and Vitreoscilla.
| Average Nucleotide Identity (ANI), Average Amino acid Identity (AAI), and Percentage of conserved proteins (POCP) analysis
ANI between the complete genome of P08 T and each reference genome was calculated using an online ANI calculation tool on the EzBioCloud web server with the OrthoANI algorithm (Lee, Kim, Park, & Chun, 2015) . AAI between of complete genome of P08 T and each reference genome was calculated using an online AAI calculation tool available at the web server http://enve-omics.ce.gatech.
edu/(Rodriguez-R & Konstantinidis, 2016) . The available genome sequences of the family Neisseriaceae were retrieved from GenBank.
The percentage of conserved proteins (POCP) (Qin et al., 2014) (Beveridge, Lawrence, & Murray, 2007) .
Gram staining was performed using the standard Gram reaction and was confirmed by using the KOH lysis test method (Cerny, 1978) .
Growth temperature was investigated in R2A medium at 4, 12, 16, 20, 25, 30, 35, 37, 40, and 45 °C, up (Tindall, Sikorski, Smibert, & Krieg, 2007) . Hydrolysis of DNA was determined using DNase test agar (BD Difco). The production of clear or opaque halo zones around colonies on agar plates was recorded as a positive result after incubation of 3 weeks, except for hydrolysis of starch, cellulose, urease, and DNA (observed on agar plates incubated for 2 weeks). The color and morphology of colonies were determined on R2A agar incubated for 2 days at 37 °C. Other physiological and biochemical tests were performed using API 20E, API 20NE, and API ZYM strips (bioMérieux) according to the manufacturer's instructions, and results were recorded after 2 days of incubation at 37 °C. Utilization of a variety of carbon sources was tested using GEN III MicroPlates (Biolog), along with other major biochemical and physiological properties. Cells grown for 2 days at 37 °C on R2A were suspended in sterilized inoculating fluid C (Biolog) and adjusted to a specific transmittance (60% T) using a turbidimeter according to the manufacturer's instruction. An aliquot (100 μl) of the cell suspension was transferred to each well, and the plate was immediately incubated for 3 days at 37 °C, before visual reading.
| Antibiotic susceptibility testing
Sensitivity of strain P08 T to antibiotics was tested by the disk dif- and resistant at <10 mm as described by Nokhal and Schlegel (1983) .
| Fatty acid analyses
Fatty acid methyl esters are extracted from 40 mg cells scraped from Petri dishes by saponification, methylation, and extraction using minor modifications of the method of Kuykendall, Roy, O'neill, and Devine (1988) and Miller (1982) . Fatty acid methyl esters were separated and analyzed by the Identification Service of the DSMZ, Braunschweig, Germany, using the Sherlock Microbial Identification System (MIDI Inc, Newark, USA, version 6.1 with database TSBA6) according to the standard protocol. For this purpose, strain P08 T was grown for 2 days on R2A plates at 37 °C to get cultures of the same physiological age.
| Polar lipid and respiratory quinones analyses
Polar lipid analyses and analyses of respiratory quinones were carried by the Identification Service of the DSMZ, Braunschweig, Germany. Cells were freeze-dried before 100 mg cell material was used for extraction of respiratory lipoquinones using the two-stage method described by Tindall (1990a) and Tindall (1990b) . Respiratory quinones were then extracted using methanol:hexane, followed by phase separation into hexane (Tindall, 1990a (Tindall, , 1990b . Separation of respiratory lipoquinones into different classes was conducted by thin layer chromatography (TLC) on silica gel (Macherey-Nagel Art.
No. 805 023) using hexane:tertbutylmethylether acid while specific functional groups detected using spray reagents specific for defined functional groups (Tindall et al., 2007) . (Table S1 ). According to Ludwig et al. (1998) , 16S rRNA gene sequence similarities of lesser than 95% between two bacteria are generally affiliated as a novel genus. Therefore, the low 16S rRNA gene sequence similarity to other validly described type strains highly supported that strain P08 T belongs to a novel genus. Figure 1 shows the positions of the type species of genera within the family Neisseriaceae in a neighbor-joining (NJ) phylogenetic tree based on 16S rRNA gene sequences. Strain P08 T formed a branch clearly separated from the remaining genera from Neisseriaceae. As indicated in Figure 1 , strain P08 T appeared to be more closely related to
| RE SULTS
| Phylogenetic analyses
Neisseriaceae, compared to the type species of genus Prolinoborus, which have a questionable taxonomic status in Neisseriaceae (Adeolu & Gupta, 2013) . The NJ phylogenetic tree was congruent with the maximum-likelihood (ML) ( Figure S1 ) and maximum parsimony (MP) ( Figure S2 ) phylogenetic trees, all constructed based on 16S rRNA gene sequences. For core genes analysis, we have identified 146 orthologous protein clusters (Table S2 ). The ML phylogenetic tree based on concatenated core gene (Figure 2) showed that all genera in the Neisseriaceae formed distinct phylogenetic lineages. Strain P08 T was in a cluster distantly related to Snodgrassella and was clearly separated in the phylogenetic tree based on concatenated core gene from other genera of Neisseriaceae. This association was supported by a bootstrap value of 100%. Likewise, the concatenated core gene phylogenetic tree was congruent with the 16S rRNA gene phylogenetic analyses in which strain P08 T represents a novel bacterial taxon in the family Neisseriaceae.
| Genomic features and functional gene annotation
A total of 1,985,842,173 reads with a mean read length of 11,876 bp were generated from whole genome sequencing. The reads were de novo assembled using the hierarchical genome assembly process (HGAP) algorithm version 2 (Chin et al., 2013) (Table S3) .
| Average Nucleotide Identity (ANI), Average Amino acid Identity (AAI), and Percentage of Conserved Proteins (POCP) analysis
Genome-to-genome similarity between strain P08 T and close taxa was performed using OrthoANI algorithm (Lee et al., 2015) . OrthoANI values between strain P08 T and phylogenetically related genera in Neisseriaceae ranged from 63.0% to 65.5% (Table 2) , which were significantly below the proposed boundary of 95%-96% for defining a novel species (Richter & Rosselló-Móra, 2009 ). Despite ANI is not suitable for genus delimitation (Qin et al., 2014) , this analysis briefly suggested that strain P08 T is not the species or the 
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Conchiformibius steedae DSM 2580 T
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Crenobacter luteus CN10 63.0 29 (Table S4) ( Konstantinidis & Tiedje, 2005) . POCP has been applied to support the designation of P08 T as a novel genus, using a suggested threshold value of 50% (Qin et al., 2014) . POCP using the cutoff threshold for genus circumscription highly supported that strain P08 T represented a novel genus in family Neisseriaceae, as strain P08 T had an extremely low POCP compared to other representative members of family Neisseriaceae. The intergenera POCP analyses between P08 T and strains from 13 genera of family Neisseriaceae had values ranged from 24% to 31%, which clearly indicated that strain P08 T does not belong to any validly described genera from Neisseriaceae (Table 2) .
| Fatty acid, polar lipid, and respiratory quinones composition
The fatty acid composition of strain P08 T is listed in Table 3 . The major fatty acids (>5%) were C 14:0 (15.9%), iso-C 15:0 (36.2%), C 16:0 (9.9%), summed feature 3 (C 16:1 ω7c/C 16:1 ω6c) (16.4%), and summed feature 8 (C 18:1 ω7c) (6.8%). Strain P08 T exhibited a polar lipid profile consisting of uncharacterized aminolipid, phosphatidylglycerol, and phosphatidylethanolamine ( Figure 4 ). Strain P08 T had Q-8 as the major respiratory quinone, which is the same as its closest phylogenetic relatives (Dong et al., 2015; Moß et al., 2013; Sheu et al., 2014; Srinivas et al., 2013; Su et al., 2013) .
| D ISCUSS I ON
The 16S rRNA gene sequence similarity of strain P08 T with other validly described strains is lower than the proposed cutoff (95%) value suggested by Ludwig et al. (1998) for a novel bacterial genus.
EzBioCloud similarity-based search in Table S1 shows that strain P08 T has highest 16S rRNA gene sequence similarity with most of the type strains of species belonging to the genus Neisseria. This suggested that even though strain P08 T does not belong to any validly described genera, it is highly related to family Neisseriaceae. The divergent branching pattern between strain P08 T and the cluster of genera of the family Neisseriaceae was highly reproducible with solid bootstrap recovery using the neighbor-joining algorithm (Figure 1 ).
This was further confirmed in phylogenetic tree constructed using concatenated core genes (Figure 2 ). In the phylogenetic tree based on concatenated core genes, 146 orthologous protein clusters were concatenated and subjected to ML analysis. Strain P08 T is distantly related to other members of family Neisseriaceae. Interestingly, even though Adeolu and Gupta (2013) proposed that Moroccocus should be reclassified into genus Neisseria, phylogenetic tree based on concatenated core genes showed that Moroccocus is rather closely related to Bergeriella. However, these 3 taxa clustered into the same TA B L E 3 Cellular fatty acid compositions of Aquella oligotrophica gen. nov. sp. nov. strain P08 T
Fatty acid Composition
Straight-chain (Table 2 ). This is far below the proposed threshold for genus delimitation of 50% (Qin et al., 2014) , which indicates that strain P08 T does not belong to any of these mentioned genera. In fact, the relatedness among all these genome sequences is extremely low, which also suggests that strain P08 T represents a novel genus. (Dong et al., 2015) ; 5, Rivicola (Sheu et al., 2014) . +, Positive reaction; -, negative reaction; Q, quinone; ND, not determined.
confer broad-spectrum resistance toward beta-lactam antibiotics (Bush & Jacoby, 2010 
| Description of Aquella oligotrophica sp. nov
Aquella oligotrophica (ol.i.go.tro.phi'ca. Gr. adj. oligos, few; Gr. adj.
trophikos, nursing, tending or feeding; N.L. fem. adj. oligotrophica, eating little, referring to the bacterium not growing in rich media).
Exhibits the following properties in addition to those given in the genus description. Cell sizes range from 0.7-1.4 μm in 
